Abstract-This work aims at automatically identify and extract the region covered by the upwelling waters in the costal ocean of Morocco using the well-known region-growing segmentation algorithm. The later consists in coarse segmentation of upwelling area which characterized by cold and usually nutrientrich water near the coast. The proposed approach has been validated by an oceanographer over a database of 30 Sea Surface Temperature (SST) satellite images of the year 2007 obtained from Advanced Very High Resolution Radiometer (AVHRR) sensor onboard NOAA-18 satellite serie. The results show a robustness and effectiveness to detect and reproduce the shape of upwelling area.
I. INTRODUCTION
The coastal ocean of Morocco, located in the western boundary of the North Atlantic, is characterized by the presence of upwelling phenomenon. In fact, under the influence of northeasterly wind and the persistence of Ekman transport along the Moroccan coastline, the surface waters are replaced by cold, less salty and nutrient-rich deep waters, reflecting the signature of the upwelling phenomenon.
The Moroccan coastal upwelling is a part of the canary current system, characterized by persistent and variable upwelling all around the year [1] , which promote primary productivity and play a major contribution in the fisheries management and also in the study of the oceanic circulation [5] [2] . Thermal infrared image of the ocean is a widely applied technique in the detection of coastal upwelling [10] [3] [14] . In particular, the Sea Surface Temperature (SST) images obtained from Advanced Very High Resolution Radiometer (AVHRR) are frequently used to detect and study the main thermal upwelling front, separating the cold waters near the coast and warmer offshore waters [13] .
Several techniques and algorithms have been proposed to the problem of objectively detecting the upwelling region in SST images. Some of the most popular approaches include the use of the neural networks [6] in order to labeling and finding the regions of homogenous and uniform temperatures in the original SST images, but approaches based on histogram analysis [12] [3] and Fuzzy c-means [13] have also been developed.
More recently, Tamim et al. [22] have demonstrated that the application of any of the two classification strategies, fuzzy or hard, to the SST images give a satisfactory and similar results for the identification of upwelling area in Moroccan coastal upwelling. The latter has used the Fuzzy c-means and Otsu algorithms to classify the SST images into coherent and contrasted groups, followed by a region-growing process in order to extract and separate the upwelling area from the remaining offshore waters.
The objective of this paper is to provide a simple, fast and efficient tool for the automatic detection and extraction of the upwelling area in the coastal ocean of Morocco, which can objectively and automatically process a large amount of SST images, daily collected, and consequently avoid the laborintensive, time-consuming and the subjectivity for the visual inspection of upwelling area made by the oceanographers.
The remainder of this work is structured as follows. In section II we introduce the database and the geographic area of interest used in this study. In section III we describe the proposed methodology. Section IV highlights the results and the validation of the algorithm. Concluding remarks and future works are in section V. The SST images are received and processed at the Royal Centre of Remote Sensing (CRTS) of Morocco, including geometric, atmospheric and radiometric corrections, and also include the land and cloud masks. The algorithm developed to generate the cloud mask uses a sequence of multispectral contrast, spectral, and spatial signature threshold tests to perform the classification of the pixel as cloud pixel [21] .
Each SST image is defined by 770 × 990 pixels, with a spatial resolution of 1.1 × 1.1 km, and each pixel represent a temperature in degree Celsius. The color scale is applied to our database, in order to help the oceanographers for getting the best contrast definition for a good visualization of upwelling area. Fig. 1 (a), (c) and (e) shows three representative SST images selected from our database which illustrate 3 different upwelling situations encountered in the present study: 1) SST images with a well-defined upwelling structures in terms of sharp and strong thermal fronts ( Fig. 1(a) ), separating two water masses of constant temperature; 2) SST images with weak and smooth thermal fronts ( Fig. 1(c) ); and 3) SST images where the presence of cloud cover over the area of interest affect the continuity of upwelling along the coast (Fig. 1(e) ).
The gray color region on the right side of each SST images ( Fig. 1(a) , (c) and (e)) corresponds to Moroccan land, whereas the white pixels in the ocean correspond to cloud pixels.
III. THE PROPOSED ALGORITHM

A. Region-growing process
Automatic image segmentation is considered one of the most critical steps in image processing which involves the partitioning of a given image into a number of homogeneous regions according to a given criteria. The common procedure is to compare one pixel with its neighbors. If a similarity criterion is satisfied, the pixel can be set belong to the cluster as one or more of its neighbors.
The existing segmentation approaches can be approximately categorized into region-based methods [4] , thresholding techniques [18] [19] , edge-based segmentation [15] [11], clustering-based techniques [20] [16] and hybrid techniques [17] [8] [7] . In particular, the region-based segmentation which includes the region-growing algorithm has been widely investigated for this purpose as a mechanism to separate the object from the background [9] .
In this work we are interested in the coarse segmentation of upwelling region, in order to extract the upwelling area which characterized by low temperature values near the coast.
The region-growing technique examines neighboring pixels of initial points which are called the seed points, and determines whether the adjacent pixel should be added to the region.
The advantage of such method is its capability to directly determine the upwelling area, without incorporating more or less post-processing steps to eliminate the existing cloud pixels or reducing the fine-structures distributed randomly over the oceans.
The pixels in the same region are labeled by the same index and the pixels in other regions are labeled by a different index. All these labeled pixels are called the allocated pixels, and the others are called the unallocated pixels.
Let I be the set of all unallocated pixels which are adjacent to a region R.
where N(x, y) are current neighbouring pixels of point (x, y) and R is the homogenous region. The difference between an unlabeled pixel's (x, y) ∈ I and the homogenous region's mean R, is used as a measure of similarity :
where g(x, y) denotes the temperature values of the testing pixel (x, y) and g(X c ,Y c ) represents the mean value of the homogeneous region R, with δ (X c ,Y c ) the centroid of R.
If the similarity criterion δ (x, y, R) is less than a predefine threshold t, the pixel (x, y) is allocated to the respective region R. Else, it is obvious that the pixel is substantially from the cluster R found so far, so that the pixel (x, y) is not belonging to the upwelling region R but rather in the warmer water in offshore direction. This process continues until the unlabeled pixels that are neighboring to the region R, could not be added to the cluster.
B. Parameters intialization
The first step in the region-growing process is to select a set of seed points as additional input. The segmentation results depends on the choice of the position and the number of those initial points.
In the case of upwelling detection, the selection of the initial points are based on the scientific knowledge and the wellknown spatial distribution of the coastal upwelling of Morocco. Indeed, the initial points are chosen near the coastline, in order to correspond to upwelling sources, based on the fact that all the segmented pixels pertaining to the upwelling must have connectivity to the coastline. Additionally, three seeds points are used for the whole database, in order to take into account the variability of the upwelling temperature value along the coast. Fig. 2(a) ,(c) and (e) shows the position of the three selected seeds points (black color) in each image overlaid on the original images depicted in Fig. 1(a),(c) and (e).
After selecting the initial points, the region is then grown from these seed points to adjacent points depending on the similarity criterion δ . The success of the subsequent regiongrowing segmentation process depends on the choice of the threshold t defined previously. This threshold has been selected, in order to obtain 2 regions with similar populations of pixels belonging and not belonging to the upwelling structures ( Fig. 1(b)(d)(f) ).
In this sense, the value of the threshold t has been fixed for all the database and the value of 2 is used to check whether the region growing method can yield satisfactory segmentation results to identifies the area covered by upwelling waters in SST images. Fig. 2(b) ,(d) and (f) shows the results of the segmented upwelling area with our proposed algorithm in which the main upwelling front was automatically contoured with the black color.
The methodology developed to detect and extract the area covered by upwelling water can be summarized by the diagram shown in Fig. 3 .
IV. RESULTS ANALYSIS ON THE WHOLE DATABASE
A total of 30 SST images were assessed in order to evaluate the results of our proposed method. The performance of our algorithm has been tested by an oceanographer. This evaluation was based on the scientific and technical knowledge of the coastal ocean of Morocco.
Throughout this evaluation, we used 4 grades: "Bad", "Poor", "Good" and "Excellent", to check if the proposed segmentation yield to a satisfactory results without losing any significant upwelling information. "Excellent" was attributed when the upwelling is correctly identified, and "Bad" was assigned when the upwelling area is not well delimited.
Regarding the segmentation results of the SST images, Fig. 4 shows that the grade "Bad" is not attributed at all. For the grade "Poor" the value of 6% is reached, demonstrating the robustness of our algorithm in terms of over-estimation and under-estimation of upwelling region boundary. Fig. 4 also reveals that 46% of the grades "Good" and "Excellent" is achieved. Overall, 93% are reached by the two grades "Good" and "Excellent" together.
After the evaluation of the region-growing method, over this representative database, we can conclude that the proposed algorithm have provided a satisfactory and promising results. More importantly, the quality obtained by this very simple and well-known method suggest that it can be used as a precise tool for the coarse segmentation of upwelling area.
V. CONCLUSION AND FUTURE WORK
The present paper has been focused in the application of region-growing algorithm to the problem of automatically detecting and extracting the area covered by the upwelling waters in SST images. The oceanographer evaluation of 30 SST images of the year 2007, revealed promising regarding the quality of segmentation results of upwelling area. Albeit elementary, this method can be used effectively for the detection of upwelling region in coastal ocean of Morocco.
Future work includes the application of the proposed method to more SST images in order to validate and improve the effectiveness of our method for detecting the upwelling region. Another goal is the application of this method to the chlorophyll concentration images obtained by the ocean color satellite sensors so as to demonstrate the robustness of our algorithm for both physical and biological data. 
